Background: The oldest old (aged over 90 years) are the fastest growing section of the UK population. Limited data exist regarding the effect of age, location, co-morbidity and physical performance status on outcome of acute illness in this age group. Methods: We performed a prospective study in people aged 590 years using hospital audit data in three hospitals in England and Scotland. We examined the characteristics of those admitted over three consecutive calendar months and calculated risk ratios of death and prolonged length of acute hospital stay (>7 days). Results: A total of 419 patients were included in this study (68% female, median age 93 years). There were similarities in presentation and diagnoses, but patients in Scotland (n = 164) were more likely to be admitted from sheltered housing or nursing homes
Introduction
With the current demographic trends, it is projected that the numbers of older people will continue to rise across the world. 1, 2 The oldest old are the fastest growing section of the population in the developed countries. The UK, like other developed countries, is experiencing a marked change in the age structure of its population characterized by increasing life expectancy and continuing growth in the older fraction of the population. Current life expectancy at birth is 81.6 years for females and 77.4 years for males in the UK. 3 Population projections show that 1 million people are expected to be >90 years of age by 2031 and will represent 1.6 % of the whole population. 4 Similarly, number of centenarians is increasing by 7% per annum. 5 The population projections in the USA suggest that those >85 years will quadruple from 5.3 to 21.0 million by 2050. 6 Therefore, it is essential to understand the epidemiology of health and illness in oldest old to better understand the determinants of illness and outcomes in this growing section of the population.
Extrapolation of hospital outcome information from previous studies which included relatively younger people (565 years) has obvious limitations as the oldest old often have significantly worse physical, cognitive and social functioning. It is well-documented that the hospitalization of older people is associated with a high incidence of multiple adverse outcomes, including functional decline, fall and cognitive impairment, increased length of hospital stay (compared with younger) and mortality, especially in those who are frail and functionally dependant. 7 Furthermore, because the importance of chronic conditions as a predictor of death declined rapidly with increasing age, risk-adjustment models that only consider co-morbidities when comparing mortality rates across providers may be inadequate for older adults. 2 It is also recognized that an individual's health expenditure is highest in the last few years of life with the significant secondary care and associated medical and social care costs in these years. 8 Despite this, there is remarkably little secondary care data with regards to the oldest old, demographically the fastest growing section of the population. 9, 10 It is intuitively perceivable that age, co-morbidity and physical functional status will have an impact on outcome after an acute illness requiring hospital admission in oldest olds.
The main objectives of the current study were (i) to compare and contrast the patient characteristics between an English and Scottish centre within the UK setting and (ii) to examine the effect of age, comorbidity and physical status on outcomes in terms of in-patient death and hospital length of stay (LOS).
Methods
We conducted a prospective observational outcome audit in two UK centres, Norfolk and Norwich University Hospital (NNUH), representing the English centre (EC) and Aberdeen Royal Infirmary (ARI) and Woodend Hospital (WH) representing the Scottish centres (SC). The EC had a catchment population of around 750 000 and the SC had a catchment population of around 500 000. All patients aged 590 years admitted to the acute medical assessment units (NNUH and ARI) or acute geriatric wards (WH) in a 3-month period from 1 November 2008 were included. As the audit aimed to examine the characteristics and outcomes of oldest olds admitted with an acute medical condition, those patients who were admitted under the non-medical teams such as surgical or gynaecology and Accident & Emergency (A&E) attendants were excluded from the study. Patients admitted directly to a medical speciality other than geriatric medicine were also excluded.
In Aberdeen, older frail people with multiple comorbidities requiring acute admission are mostly referred to the Department of Medicine for the Elderly, WH. Referrals come from General Practitioners (GPs) and Emergency Medicine departments. However, some older frail people are admitted instead to the Acute Geriatric Medicine service at ARI. In most cases, this is because WH is full or to avoid an out-of-hours transfer of a frail person to another hospital. Some are preferentially admitted to ARI to take advantage of on-site diagnostic services or specialist opinions that are not available at WH (e.g. endoscopy, nuclear medicine or cardiac catheterization). In Norwich, older people were admitted to a single large acute hospital via one of the three routes: (i) GP referral to acute medical admission units (men and women), (ii) referral from Accident and Emergency to acute medical admission units and (iii) direct admissions to one of the care of the elderly wards from specialist or emergency clinic. The GP admissions for older people who reside in care homes are usually discussed with the on call consultant in Medicine for the Elderly prior to the decision to admit as an acute medical emergency.
A standardized proforma was used to record the data from both centres. The data were recorded at two time points, at admission and at discharge, incorporating demographic details (age, gender, etc.), place of residence prior to admission, presenting complaints, chronic co-morbidities, drug and social history, baseline observations and investigations, pre-morbid functional status (modified Rankin score) 11 and physical functioning status depicted by mobility. Presence of co-morbidities was noted from the medical records such as correspondence (clinic letters), GP referral information and clinical history. Mobility was recorded as five categories; bedbound, transfer only, mobile <10 m, mobile 10-50 m and mobile >50 m. Use of mobility aids and use of assistance for mobility (none, one or two or not appropriate-e.g. bedbound) was also recorded.
Information was also gathered about prior treatment in the community by a GP, as well as details of any previous admissions within 1 month of the index hospital admission. Where a patient died, causes of death in part I (conditions directly causing death) and part II (conditions contributing to the death, but not directly causing it) of the official death certificate were recorded. The proforma was completed with patients' details at the time of discharge or in-patient death using computer-based discharge records and/or case notes.
The project was conducted as a comparative clinical audit to examine the mortality and LOS outcomes in extremely old age. Therefore, LREC approval was not required. We presented the data in anonymized and aggregated fashion.
Statistical analysis
Data were analysed using STATA software, version 10.1 SE (Stata Corporation, College Station, TX, USA). The characteristics of patients and outcomes, defined as in-patient death, acute hospital LOS and most commonly mentioned causes of death for sections I(a), I(b), I(c) and II of the death certificate were presented descriptively. Using logistic regression, the likelihood of in-patient death and prolonged LOS (defined as >7 days) was assessed for patientrelated factors using arbitrarily defined cut-off points such as being >95 years, admitted from home, prior treatment by GP, mobility <10 m and more than two co-morbidities, to quantify the impact of age, prior disability (physical status) and co-morbidity within the study population.
Results

Patient demographics
A total of 419 eligible patients aged 590 were admitted over the study period. The median age was 92.9 years [inter-quartile range (IQR) 91.4-95.1] and 68% were female. Table 1 provides the sample characteristics firstly for all and then for those admitted to the English and SCs separately. Table 2 shows the clinical presentations, diagnoses, comorbidity and medication usage of the study populations. Over half of these patients were living in the community either in their own residence (54%) or in sheltered accommodations (16%). The remainder lived in various other assisted living facilities such as residential home (16%) and nursing home (13%). There were higher proportions in Scotland of older people admitted to hospital from sheltered accommodation [9% (EC) vs. 26% (SC), P 4 0.0001] and nursing homes [9% (EC) vs. 18% (SC), P = 0.016] and a higher proportion of admissions in this age group came from residential homes in England [21% (EC) vs. 8% (SC), P = 0.0006].
Source of admission
Two hundred and twenty-five (53%) of all admissions were admitted via A&E departments and 194 (46%) were admitted by GPs. The EC admitted patients predominately from A&E (64%) while the SCs' admissions were primarily via the GP (63%). A significantly higher proportion of the oldest old admitted to hospital received treatment in the community from their GP in Scotland prior to hospital admission (10% compared with 4% in the EC), P = 0.038.
Pre-morbid functional status and mobility
Twenty-six percent of the patients were functionally independent (Modified Rankin 0), 29% needed minimal help (Modified Rankin 1) in their activities of daily living (ADLs), while 9% were fully dependent (Modified Rankin 4 and 5). Twelve percent of the patients were mobile >50 m, 11% were immobile (bed-bound or limited to transfers only). None of the patients admitted to the SC were pre-morbidly bed-bound.
Prior to admission 11% were walking independently without using walking aids and 74% were mobile with a walking aid (1-2 sticks, frame or three-wheeled trolley) but without any human assistance, 7% were wheel chair bound. More patients in the SC walked independently without any walking aids (18 vs. 7%, P = 0.0017) and significantly less proportion of SC elderly were bed-bound (0 vs. 6%, P = 0.0008) or mobile < 10 m (34 vs. 41%, P < 0.0001).
Presenting complaints and diagnosis
The five most common reasons for admission in this age group were collapse (28%), dyspnoea (16%), confusion (9%), chest pain (7%) and non-specific complaint (6%). There was no evidence of a difference in this presentation between the English and Scottish patients except for the higher proportion of English elderly presenting only as 'unwell' (9%) compared to SC patients (0.6%), P = 0.0001. The median symptom duration before presentation was 1 day (IQR 1-3 days). The five most common diagnoses were pneumonia (19%), falls (14%), acute coronary syndrome (11%), urinary tract infection (11%) and unspecified chest infections/respiratory tract infection (5%). No evidence of a difference was observed between EC and SC in terms of most common diagnoses.
Co-morbidities and medications
We selected the four most common chronic conditions for comparison between two centres. The prevalence of hypertension (HTN), ischaemic heart disease (IHD), cerebrovascular disease (CVD) and diabetes mellitus (DM) was 46, 36, 18 and 12%, respectively, with higher prevalence of HTN and IHD in the SC compared with EC: 55 vs. 40% for HTN, P = 0.020 and 45 vs. 30% for IHD, P = 0.018. There were no evidence of any differences between prevalence of DM (P = 0.325) and CVD (P = 0.785). The median number of regularly prescribed medications in the EC was 2 (IQR 4-6) and was slightly higher at three in the SC (IQR 6-9) (P < 0.0001).
Outcomes Table 3 provides the comparison of the outcomes between the two regions. Of the total 419 patients, 77 (18%) died as in-patients [47 (18%) in England and 30 (18%) in Scotland, P = 0.98] with a median LOS of 10 days (IQR 4-26). Although mortality rates were similar, median LOS for those patients who died was longer in the SC compared with the EC [15 (IQR 6-32) vs. 9 (IQR 4-6), P = 0.05]. The median LOS in those discharged alive was 9 days (IQR 4-20) and there was no evidence of a difference in either group. Pneumonia was recorded as the commonest cause of death (40%). Myocardial infarction (MI) (23%) was the most commonly mentioned co-morbidity in the death certificates. IHD or MI (cardiovascular disease) was recorded more commonly on death certificates in Scotland than in England (60 vs. 21%, P = 0.001).
Predictors of inpatient mortality and prolonged length of hospital stay (>7 days) Table 4 provides the risk ratios (95% CI) of in-patient mortality, and likelihood of prolonged length of hospital stay (>7 days) by age 90-94 vs. 595 years, being admitted from home (cf elsewhere), prior treatment by GP in the community, being less mobile (mobility <10 m) and having more than two chronic conditions. There were no statistically significant differences observed in terms of these patientrelated factors on outcomes of the study in this age group.
Discussion
To our knowledge, this study is the first of its kind to examine the characteristics and potential effects of patient-related factors on outcome of emergency medical admissions in patients aged 590 years in two UK regions. We found no conclusive evidence that age, co-morbidity and level of disability depicted by mobility status have influence on outcome in the extreme old age, when presenting to hospital with an acute illness.
The majority of the patients in our study were female and more than half lived in their own home environment in both regions. The sex ratio (F : M) of 3 : 1 reflects the UK national figures. 4, 5 The proportion of patients living in assisted living facilities differed between the two regions. While this could be explained by variations in social service set-up structures between the two regions, there is a possibility of differences in characteristics of older people. Certainly, in this series, the oldest old in Scotland were less likely to be bed-bound, more mobile and less likely to require walking aids (Table 1) .
With regard to demographic characteristics and the economic circumstances of older people, Scotland as a whole is broadly comparable with other parts of the UK, though differences may become more apparent in future. 12 Of note, in Scotland personal and nursing care services became free for people aged 565 years who are resident in care homes from 1 July 2002. These changes are associated with increasing number of residents in assisted living facilities in recent years and the trend is likely to continue. 13 Xie et al. 14 reported the percentages of oldest old living in care homes in a population-based study in England and Wales. Consistent with our results, they found that the majority (73%) of non-agenarians lived in the community compared with 27% of them lived in residential or nursing home. This proportion changed to 54 : 46 among centenarians. The patients who were admitted to SC had higher prevalence of HTN and ischaemic heart disease and the fact that a higher proportion of patients in SC were on three medications (IQR 6-9) [significantly higher than the English group 2(4-6)] may represent case mix differences in patient characteristics between the two centres.
We found a significant regional difference between modes of emergency admissions. Although the reasons are not entirely clear, the fact that there are differences in health-care set-up may be the plausible underlying reason. Our study shows that oldest old usually present with non-specific symptoms such as collapse, being generally unwell and with new onset confusion (delirium). It is well-known that the presenting complaints of older patients differ from those of younger patients, usually falling into one of the geriatric syndromes such as falls, delirium, incontinence and immobility. [15] [16] [17] In agreement with a previous report on older persons aged 565 years, 18 pneumonia, fall and acute coronary syndrome were the most common diagnoses in this cohort.
Our study reported about 74% to be dependent in ADL assessed by modified RANKIN score of 51. Disabilities have been reported to be extremely common in the very old. Xie et al., 14 in their large UK-based retrospective, population-based cohort study, reported 86% of 958 non-agenarians (89% of women, 75% of men) having ADL or instrumental ADL (IADL) disability. Although 71% in that study rated their health as good or excellent on selfperceived health questionnaire, only 12% of patients were able to walk >50 m. In this study, though it was not population based, we also found the exact percentage of oldest old who were mobile >50 m (12%). Intriguingly, another population-based study by Zhao et al., 1 in 161 elderly >90 years old, reported that 6% were able to walk around town, suburb or village, 16% could walk no farther than on block away and 78% could walk no farther than gate. In the same study, 14% did not use a walking aid, 28% used a stick and 58% used a frame, tripod, wheelchair and other person's help or were bedridden. Compared with this, our study reported 11% did not use a walking aid, 32% used 1-2 sticks and 57% used a frame, three-wheeled trolley and wheelchair or were bedridden. Again these figures were comparable.
Physical functional limitation can represent a final common pathway of decline regardless of the underlying aetiology.
2,19-21 Lee et al., 2 in a study involving community-dwelling participants aged 50-99 years, found that chronic conditions were strong predictors of mortality among younger participants, whereas functional limitation was a stronger predictor in the older participants. Although a large number of studies have shown physical disability predicting mortality in older age, the predictive effect of disability on mortality may diminish in those >90 years. 22, 23 These studies were largely community based rather than hospital based.
To our knowledge, our finding that disability indicated by not being admitted from a private home and mobility <10 m had such a minimal and non-significant influence on mortality in the acutely unwell oldest old has not been observed. While chronic conditions and functional limitations are considered to be powerful predictors of mortality, the association may be weaker in oldest old population. Outcome predictions may be less accurate in the oldest old population, regardless of the risk factors considered. In fact, some researchers have suggested that survival in the extremes of age could be more dependent on external chance events or a random process rather than individual characteristics. 24, 25 It is possible that pathological process causing the acute illness and changes in physiological, haematological and biochemical parameters associated with it are stronger predictors of in-patient death and LOS in this age group. Interestingly, a statistically significant difference was observed in the LOS between EC and SC in those who died: median LOS was 9 days in EC and 15 days in SC (P = 0.05). The reason behind this is unclear. The caveat is that this finding needs to be cautiously interpreted as it could be attributed by multiple testing.
We found no statistically significant difference in mortality or LOS based on number of comorbidities. It is well-recognized that the impact of risk factors attenuate with increasing age. Our study has a very narrow age range with relatively frailer population than the general population and this may attenuate the association between patient-related factors and the outcomes. Further studies are needed to establish the role of other biological factors that are predictive of mortality in extreme old age, and to develop and validate a prognostic index for appropriate health care including palliation.
Our study has limitations. There is the possibility of an element of bias in data collection in this study. We used health-care records for data collection rather than direct patient interview, and the data collected largely depended on the documentation made by nurses and front line doctors. The diagnoses, treatment and discharge decisions were based solely on the consultant decision. Data were collected by two doctors in each centre and interobserver agreement was not specifically tested. Modified Rankin score and mobility assessments are not routinely calculated in all patients at admission, and the data collection were based upon available information source from the case records. As such, there may have been some misclassification of scores. However, the investigators are senior members of the medical team with considerable experience in care of the elderly medicine. There is no reason to believe that data collection will be different to an extent that could lead to different direction of outcomes measured. Patients admitted to surgical or orthopaedic specialties were not included in the study. Although this number may be small in comparison with acute medical admissions, nonetheless this could underestimate the actual magnitude of all hospital admissions in this age group and may have an impact on mortality and LOS figures. It is possible that some important predictors of outcome were not measured in the study or that the study was under-powered to detect some important effects in included measures. The outcome analyses were based on dichotomized predictor variables. Larger studies are required to examine the dose response relationship between predictors and outcomes. The study was conducted in the winter months for a relatively short-time frame, we are not able to assess the presence or absence of seasonal variation in determinants of outcomes in this age group. These limitations in combination may have resulted in attenuation of results. Due to multiple testing, we are only taking stringent P < 0.001 to be statistically significant following a Bonferron's correction criteria of multiple testing.
Conclusions
Our study highlights some interesting issues that need to be taken into account in this age group. There were important differences between centres, so the 'oldest old' should not be a considered a homogenous group and findings from single-centre studies involving this age group may not be generalizable. A proper case-mix adjustment is required in studies involving the oldest old. We found no conclusive evidence that patient-related factors predict outcome in this age group in acute medical admission settings. The factors that predict outcome in acute illness in this growing section of the population requires further exploration.
